Rapid identification and diagnosis of bacteria and other microorganisms is a great challenge for drinking water safety due to the increasing frequency of pathogenic infections. Raman spectroscopy is a non-destructive tool to characterize the biochemical fingerprints of bacterial cells and its signal can be improved by surface-enhanced Raman scattering (SERS). Thus, Raman scattering has a huge potential in fast diagnosis of pathogens in drinking water, with low cost and high reproducibility. In this work, we developed a novel fast diagnosis method to detect aquatic pathogens via magnetic SERS assay. With chemical co-precipitation synthesis and surface glucose reduction, the silver coated magnetic nanoparticles (Ag@MNPs) had a well-developed core-shell structure and high efficiency to capture bacterial cells. Ag@MNPs achieved 10 3 enhancement factor for rhodamine 6G and the limit of detection was 10 -9 M. The magnetic SERS assay also successfully detected various bacteria (A. baylyi and E. coli) with high sensitivity (10 5 CFU/mL). This platform provided a promising and easy-operation approach for pathogen detection for food and drinking water safety.
Introduction
Millions of cases of diseases are caused by pathogens in drinking water (Szewzyk et al., 2000;  World Health Organization, 2011), though they exist at low concentration and are hard to identify. Many diagnosis methods therefore are developed to rapidly detect these pathogens (Rompre et al., 2002) , as polymerase chain reaction (PCR) (Dharmasiri et al., 2010; Ibekwe et al., 2002) , colony forming (Penna et al., 2002) and staining (Lehtola et al., 2005) , but the majority of them are time-consuming and not suitable for worldwide application in practice.
It raises great chances for novel technical development for water resource protection and water treatment to rapidly recognize aquatic pathogens addressing drinking water safety issues.
Magnetic nanoparticles (MNPs) have been widely applied in biological science for its affinity to biological molecules (Huang et al., 2010) , such as bioenergy recovery (Lin et al., 2015) , drug delivery (Sun et al., 2008) and drinking water purification (Xu et al., 2014) . In environmental science, most relative research has addressed the magnetisms improvement Raman microspectroscopy is a promising method for bacterial detection (Chan et al., 2004) .
To improve the signal intensity, surface-enhanced Raman scattering (SERS) was developed (Porter et al., 2008) and used in diagnosis of pathogens in drinking water (Jarvis & Goodacre, 2004 ). However, direct application of SERS requires the mixture and separation of bacterial cells with suspended Ag/Au nanoparticles (Grow et al., 2003) or bacteria capture on mesostructured materials supported with Ag/Au nanoparticles . The former approach suffers from the difficulties in recovering Ag/Au nanoparticles from the samples, and the latter one faces the challenges that the low cell counts in water samples means the low capture efficiency. Considering the magnetic enrichment of MNPs and SERS active substrate Ag/Au, some surface modification has been applied to combine these two types of nanomaterials together in detecting pollutants , biomarkers (Yang et al., 2015) or pathogens .
Here, we developed a novel high-sensitive screening method for rapid detection of pathogens in drinking water with silver-coated MNPs (Ag@MNPs) by magnetic capturing and SERS diagnosis. The limit of detection for bacteria was significantly improved, attributing to the magnetic enrichment and SERS signal enhancement which were simultaneously achieved by Ag@MNPs.
Experimental Section

Synthesis of silver coated magnetic nanoparticles
The synthesis of MNPs followed chemical co-precipitation (Zhang et al., 2011) Separated by permanent magnet and washed by deionized water, Ag@MNPs were stored for further experiment and analysis.
Bacterial strains and cultivation
In this study, the two bacterial strains were Acinetobacter baylyi ADP1 and Escherichia coli JM109, with close phylotypic relationship to clinical pathogens Acinetobacter baumannii and Escherichia coli O157:H7. The strains were grown in sterile Lysogeny Broth medium for 16 hours, at 30°C for A. baylyi and 37°C for E. coli, respectively. The cell suspensions were further centrifuged at 4,000 rpm for 5 min and washed three times by sterile deionized water.
Afterwards, the bacterial cells were serially diluted to 10 8 CFU/mL and 10 5 CFU/mL for Raman microspectroscopy analysis.
Bacteria capture and Raman microspectroscopy analysis
By adding the MNPs or Ag@MNPs suspension (5 µL) into diluted cell suspension or rhodamine 6G (R6G) samples (1 mL), the mixture was cultivated for 10 min and the magnetic pellets were harvested by permanent magnet. The pellet was then washed by deionized water and ethanol five times for Raman microspectroscopy analysis, obtained by InVia Raman microscopy (Horiba, UK) with 785-nm excitation laser (100% and 1% power for normal Raman and SERS spectrum respectively), 10 second exposure time and a 500-2000 cm -1 spectral range. For all the spectral measurement, at least twenty biological replicates were randomly selected and analysed.
Chemical and biological analysis
The phase identification of synthesized MNPs and Ag@MNPs nanocomposites was carried out by X-ray diffraction (XRD, D8-Advance, Bruker, UK). The magnetic properties were measured by a vibrating sample magnetometer (VSM, Lake Shore, 7304, USA) at 25°C and in a magnetic field varying from -1.7 T to +1.7 T. The Raman spectra were first subtracted by 
Results and Discussion
Characterization of silver-coated magnetic nanoparticles
The XRD pattern ( Ag@MNPs maintained high capture efficiency for bacterial cells (Fig. 2) . 
SERS enhancement of Ag@MNPs
Strong and stable SERS signal was obtained in the treatment of R6G with Ag@MNPs, proving the SERS enhancement by Ag@MNPs nanocomposite, as illustrated in Fig. 3A .
Since R6G is a fluorescent xanthene derivative that possesses strong Raman effect when excitation laser emitting into its adsorption band (Michaels et al., 1999) , it was employed here to validate the enhancement of Ag@MNPs on Raman scattering. The predominant Raman shifts of R6G were at 1185, 1498, 1367 and 1310 cm -1 attributing to in-plane C-C stretch vibrations, 611 cm -1 for C-C-C ring in-plane bend vibrations, and 772 cm -1 for C-H out-of-plane bend vibrations (Hildebrandt & Stockburger, 1984 and allowed their interaction in aquatic phase. The harvesting of Ag@MNPs via permanent magnet significantly concentrated R6G on the magnetic spot to achieve strong SERS signal.
The Raman signal enhancement of Ag@MNPs was evaluated by the enhancement factor (EF), as calculated by Equation (1):
where I SERS is the Raman signal intensities of R6G with Ag@MNPs at 1% laser power; I Normal is Raman signal intensities of 10 -6 M pure R6G at 1% laser power. For all the tested R6G concentrations (10 -9 to 10 -6 M), strong SERS signals were detected (Fig. 3B ). For instance, the Raman intensity of 10 -6 M R6G with Ag@MNPs with 1% laser power was about 1.5 times higher than that of 10 -6 M pure R6G with 100% laser power. We therefore proved that Ag@MNPs were SERS active substrates. From the calculation, the were non-detectable.
In situ bacteria detection by SERS
Different from conventional SERS detecting bacteria, we developed a magnetic SERS assay 
Conclusion
For the first time in this study, we proposed and proved the novel concept of capturing bacteria from drinking water and fast detecting their concentration via SERS on magneticcontrollable Ag@MNPs. The results indicated that the bacterial cells were effectively captured by Ag@MNPs and then magnetically enriched for SERS analysis. The Raman intensity was enhanced 10 2 -10 3 times when R6G was used as the standard chemical and the limit of detection was 10 -9 M with SERS active substrate Ag@MNPs. This magnetic SERS assay achieved high sensitivity (10 5 CFU/mL) and rapid screening (<15 min) to diagnose
